Background--The contemporary impact of glycemic control on patients with diabetes mellitus at high cardiovascular risk remains unclear. We evaluated the utility of hemoglobin A1c (HbA1c) as a marker of risk on the composite end point of cardiovascular death, nonfatal myocardial infarction, stroke, hospitalization for unstable angina, and coronary revascularization in an optimally treated population with diabetes mellitus and established coronary artery disease enrolled in the ACCELERATE (Assessment of Clinical Effects of Cholesteryl Ester Transfer Protein Inhibition With Evacetrapib in Patients at a High Risk for Vascular Outcomes) trial.
P atients with diabetes mellitus (DM) carry a significant burden of future cardiovascular morbidity and mortality. 1, 2 Hemoglobin A1c (HbA1c) is a standard-of-care biomarker that correlates with long-term glycemic control and risk for complications, and it is used for both the diagnosis and the management of patients with DM. [3] [4] [5] The seminal UKPDS (UK Prospective Diabetes Study) in patients with type 2 DM established a strong association between observed HbA1c levels and the risk of macrovascular and microvascular events. 6 In patients with DM, optimal control of low-density lipoprotein cholesterol (LDL-C) and blood pressure, cessation of smoking, appropriate revascularization, and the use of potent antiplatelet therapy have all been shown to mitigate residual risk in a secondary prevention setting. 7 In contrast, the mere reduction of HbA1c with stringent glycemic control using predominantly sulfonylurea-based pharmacotherapy has not been associated with macrovascular benefits. 8 The recent approval of pharmacologic agents that are proved to improve glycemic control while simultaneously reducing cardiovascular risk has added significantly to our therapeutic armamentarium. 9 The utility of HbA1c as a marker of risk in an optimally treated contemporary population with type 2 DM at high cardiovascular risk remains unclear. The ACCELERATE (Assessment of Clinical Effects of Cholesteryl Ester Transfer Protein Inhibition With Evacetrapib in Patients at a High Risk for Vascular Outcomes) trial was a randomized, double-blinded, placebocontrolled trial investigating the use of evacetrapib, a CETP (cholesteryl ester transfer protein) inhibitor, in patients with high-risk vascular disease, including those with recent acute coronary syndrome, peripheral arterial disease, cerebrovascular disease, and DM with known history of coronary artery disease. 10 We performed a subanalysis examining the relationship between baseline HbA1c and future cardiovascular events among participants with DM enrolled in the ACCELERATE trial.
Methods
The authors declare that all supporting data are available within the article. The study protocol was approved by the Cleveland Clinic Foundation institutional review board; need for informed consent was waived.
The trial design of the ACCELERATE trial has previously been described. 11 Briefly, 12 092 patients with high-risk vascular disease, as described above, were randomized in a 1:1 manner to receive the CETP inhibitor evacetrapib, 130 mg, versus placebo. The trial was event driven, with a primary end point of major adverse cardiovascular events, which included cardiovascular death, nonfatal myocardial infarction (MI), stroke, coronary revascularization, or hospitalization for unstable angina. A secondary triple end point, including the composite of cardiovascular death, nonfatal MI, and stroke, as well as individual end points of all-cause mortality, cardiovascular death, nonfatal MI, stroke, coronary revascularization, and hospitalization for unstable angina were also assessed. Because of clinical futility for the primary composite end point, the trial was terminated prematurely after a mean follow-up of 30 months. 10 Follow-up of participants for clinical events was near complete, with an end-ofstudy visit completed in 98.8% of trial participants. Clinical events were identified and prospectively adjudicated by an independent clinical end points committee blinded to treatment assignment using prespecified standardized definitions.
HbA1c levels were measured in participants at study initiation using the Bio-Rad Variant II and Variant II Turbo highperformance liquid chromatography method. Both assays are certified by the National Glycohemoglobin Standardization Program and are traceable to the DCCT (Diabetes Control and Complications Trial) reference method and values. Patients with DM were defined as those receiving treatment with an oral or parenteral antiglycemic agent and/or insulin or being managed by diet alone as a result of a preexisting diagnosis of DM. A new diagnosis of DM was based on fasting plasma glucose measurements ≥126 mg/dL, 2-hour plasma glucose ≥200 mg/dL during an oral glucose tolerance test, or HbA1c levels ≥6.5%.
Baseline patient characteristics, medications, and laboratory parameters were collected as per protocol. LDL-C levels were directly measured using the Roche LDL-C Plus secondgeneration assay. MeanAESD or median with interquartile range was reported for continuous variables, and frequency with percentages was reported for categorical variables. Kaplan-Meier (KM) estimates were calculated for the risk of end point with increasing HbA1c by 0.5% increments. An ANOVA or v 2 test of trend with 1 df was performed to compare baseline characteristics and clinical end points across HbA1c groups. A multivariable Cox proportional hazard model was created to assess for risk of the primary composite end point with HbA1c as a continuous variable after adjusting for relevant baseline characteristics. Last, a sensitivity analysis considering mortality as a competing risk was performed. Hazard ratios with 95% CIs are reported. KM curves illustrate the cumulative incidence of major adverse cardiovascular events, the secondary triple end point, and allcause mortality by the baseline HbA1c groups. P≤0.05 was considered statistically significant. Statistical analyses were performed using SAS, version 9.4 (SAS Institute Inc, Cary, NC), and figures were created in SigmaPlot, version 11.0 (Systat Software, Inc, San Jose, CA).
Clinical Perspective
What Is New?
• Although recent trials have suggested that strict glucose regimens may not be the optimal treatment to reduce cardiovascular risk for patients with diabetes mellitus, our study demonstrates that hemoglobin A1c remains an independent predictor for future cardiovascular events in a contemporary population of optimally treated patients with diabetes mellitus. • There has been concern for a J-shaped relationship between glycemic control and mortality, with increased death observed at both the highest and lowest levels of hemoglobin A1c. A similar phenomenon was not noted in our study.
What Are the Clinical Implications?
• Given the recent availability of new antiglycemic agents that improve cardiovascular outcomes, hemoglobin A1c measurements remain a guiding tool to identify, initiate, monitor, and modify these beneficial treatments. Table 1 . 
Results
Among 12 092 patients enrolled in the ACCELERATE trial, 8236 had DM, of which 8145 had a baseline HbA1c analyzed. Baseline characteristics, lipid parameters, and medical therapy for patients with DM are presented in Table 1 . Statistically significant trends for age, sex, body mass index, current smoking, and presence of peripheral artery disease and congestive heart failure were noted with increasing levels of baseline HbA1c. Baseline LDL-C, triglycerides, apolipoprotein B, and high-sensitivity CRP (C-reactive protein) were significantly greater, whereas high-density lipoprotein cholesterol and apolipoprotein A1 were significantly less, with increasing baseline HbA1c. Patients with increasing baseline HbA1c were significantly more likely to be treated with a highintensity statin and antiglycemic medications, particularly sulfonylureas and insulin. Clinical outcomes among patients with DM, stratified by HbA1c levels at study baseline, are presented in Table 2 . Increasing baseline HbA1c levels were strongly associated with the occurrence of the primary composite end point (KM estimate, 12.6-18.2; P<0.001; Figure) . Increasing baseline HbA1c levels were also associated with the triple end point of cardiovascular death, nonfatal MI, and stroke (KM estimate, 7.8-11.3; P=0.003) as well as the individual end points of nonfatal MI (KM estimate, 3.1-7.0; P<0.001), hospitalization for unstable angina (KM estimate, 1.8-5.0; P=0.003), and need for coronary revascularization (KM estimate, 7.3-11.1; P=0.001), although not for nonfatal stroke (KM estimate, 1.4-2.4; P=0.45). The observed rates of cardiovascular mortality (KM estimate, 2.6-4.3; P=0.21) and all-cause mortality (KM estimate, 4.8-5.9; P=0.21) were similar regardless of baseline HbA1c levels. The competing risk of death did not alter conclusions on the individual end points of nonfatal MI, stroke, coronary revascularization, or hospitalization for unstable angina. When adjusting for significant baseline characteristics in a multivariable model, baseline HbA1c was an independent predictor for the primary composite end point censored at 915 days (hazard ratio, 1.06; 95% CI, 1.02-1.11; P=0.003) ( Table 3 ).
Discussion
Historically, HbA1c levels in patients with type 2 DM have been strongly predictive of risk for future complications. 6, 12 In the UKPDS, a 1% increase in HbA1c was associated with a 14% heightened risk for MI and an even greater 37% increased risk for microvascular complications. 6 These observations in the UKPDS were made on a background of suboptimal blood pressure control, inadequate antiplatelet treatment, and suboptimal lipid management in a prestatin era. However, trials that targeted intensive over moderate HbA1c goals failed to favorably modify clinical outcomes, suggesting that Table 1 . strict glucose regimens may not be the optimal treatment to reduce vascular risk for patients with DM. [13] [14] [15] [16] This has led to uncertainty about the utility of HbA1c in risk stratifying patients with DM and known cardiovascular disease. The current analysis from a rigorously performed randomized clinical trial identifies glycemic control, as measured by HbA1c levels, in patients with DM at high cardiovascular risk to remain an independent predictor for the future development of cardiovascular events in contemporary clinical practice, despite statin use and near optimal LDL-C levels at baseline. Moreover, our results suggest that although improved glycemic control may have diminishing returns in reduction of hard clinical end points, such as mortality and nonfatal stroke, among those with HbA1c <8.0%, as demonstrated in the ACCORD (Action to Control Cardiovascular Risk in Diabetes) 14 and ADVANCE (Action in Diabetes and Vascular Disease: Preterax and Diamicron Modified Release Controlled Evaluation) trials, 16 it remains strongly predictive of softer but clinically important end points, such as coronary revascularization and hospitalization for unstable angina. Last, there has been concern for a J-shaped relationship between HbA1c levels and mortality, with increased death observed at both the highest and lowest levels of HbA1c, the latter attributed to hypoglycemia in the setting of stringent blood sugar control. 13, 17 Although limited by short duration of follow-up, a similar phenomenon was not noted in our study and observed rates of cardiovascular as well as all-cause mortality were not influenced by HbA1c levels. There are multiple roles for biomarkers in a clinical setting, including diagnosis, risk stratification, disease progression, and therapeutic response. The utility of any biomarker is highest when it can both identify future risk and result in actionable intervention that can translate to improved clinical outcomes. In light of previous randomized studies targeting improved glycemic control, HbA1c has been presumed to have clinical utility only in risk stratification but not as a target for treatment that could improve outcomes. However, the availability of new antiglycemic agents proved to improve cardiovascular outcomes despite modest reductions in HbA1c has altered this paradigm. 9 Results from these cardiovascular outcome trials have confirmed the importance of the specific agent used to improve glycemic control over mere biochemical improvement alone. Although it remains unclear if the benefit of these agents is mediated by attenuation of hyperglycemia, HbA1c measurements remain a guiding tool to identify, initiate, monitor, and modify these beneficial treatments. The practical lessons arising from our observations are self-evident. HbA1c levels remain strongly predictive of future cardiovascular events in patients with DM, despite optimal lipid, blood pressure, and preventive strategies and despite recent outcomes data that may shift the focus away from glycemic control. Awareness of the HbA1c levels will enable clinicians to recognize residual risk and initiate or substitute proven medications that improve downstream cardiovascular outcomes in this vulnerable population.
Despite its strengths, our analysis has several limitations. Given the post hoc nature of the analysis, it is vulnerable to confounding arising from both unmeasured and unaccounted variables. Some important variables, like duration of DM and changes in glycemic control over time, were not captured in our data set. Although the association between HbA1c and the primary composite end point appeared qualitatively linear across all groups and remained significant after multivariable adjustment, the relationship between HbA1c and the triple end point was likely driven by nonfatal MI, with no association noted between HbA1c and cardiovascular death or stroke. However, in the context of a chronic disease, like DM, the overall duration of follow-up was relatively small and it may be reasonable to expect that the relationship between HbA1c and adverse cardiovascular outcomes would accentuate over time and among those with HbA1c >8.0%. Further study with longer duration of followup should be performed. In clinical trials, exposure to evacetrapib as well as other CETP inhibitors has been shown to improve glycemic profile. No overall benefits or harm with evacetrapib was noted in the ACCELERATE trial, leading to our decision to evaluate the entire population with DM regardless of treatment assignment. In a sensitivity analysis restricted to the control arm, the association between increasing HbA1c levels and adverse cardiovascular outcomes persisted. Last, data on the use of novel antiglycemic agents, particularly those that influence cardiovascular outcomes, were not obtained.
Conclusions
In a contemporary population of patients with DM and established coronary artery disease on optimum medical therapy, HbA1c was found to be an independent predictor for major adverse cardiac events in the ACCELERATE trial. No associated increase in mortality with decreasing HbA1c levels was noted.
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